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Background and Purpose: The effectiveness of motor imagery (MI)
as an adjunct to physical rehabilitation has previously been shown.
Motor imagery ability can be affected by neurologic disorders that
affect motor and cognitive function. This study was designed to as-
sess MI ability in persons with mildly disabling relapsing-remitting
multiple sclerosis (RRMS) based on the functional and cognitive
dysfunctions.
Methods: Twenty-two participants with RRMS and 23 age-, gender-,
and education-matched comparison subjects were evaluated by a bat-
tery of MI tasks, including a kinesthetic and visual imagery ques-
tionnaire, a mental hand rotation task, and a visual guided pointing
task.
Results: There was no significant difference inMI vividness between
the participants with MS and the comparison group, but the accuracy
and temporal correspondence of MI in the participants with MS dif-
fered significantly from those in the comparison group. Depression
scores were significantly higher in participants with MS (P < 0.001),
and depression was significantly correlated with disability (r = 0.4;
P< 0.05). The correlation between accuracy ofMI in the participants
with MS and their cognitive ability was significant (r = 0.57; P <
0.05). The MI duration of participants with MS was significantly cor-
related with their disability (r = 0.59; P < 0.05) and their cognitive
ability (r = −0.38; P = 0.009).
Discussion: The preservation of MI ability was observed in partici-
pants with RRMS; however, abnormalities in accuracy and temporal
aspects of MI were observed even in the participants with mild dis-
ease. Abnormalities in temporal aspects and accuracy of MI were
related to disability and cognitive ability, respectively. In participants
with MS, depression should be considered as a confounding factor
for the MI task results.
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INTRODUCTION
M ultiple sclerosis (MS) is one of the most common disor-ders of the central nervous system. It is characterized by
chronic demyelination, which causes various symptoms lead-
ing to motor and cognitive disability. Multiple sclerosis is a
disorder with typical onset in early adulthood, having a pro-
gressive course and a long duration, and has a high prevalence
of accompanying disabilities.1,2 Multiple sclerosis is catego-
rized into relapsing-remitting MS (RRMS, the most common
subtype), secondary progressive MS, and primary progressive
MS. The quality of life for many persons with MS deteriorates
over time; therefore, treatment of symptoms is essential and
requires a multidisciplinary approach including drug therapy,
psychological counseling, and physical therapy.
Studies have shown that physical therapy leads to a sig-
nificant improvement in disability and quality of life in persons
with MS.3,4 There is some evidence to suggest that the effec-
tiveness of physical therapy can be improved with the use of
motor imagery (MI) as an adjunct therapy.5 Motor imagery is
the ability to mentally performmovement without overt move-
ment execution.6 Motor imagery has been used by athletes to
learn motor skills for years,7 and recently it has been given
more attention as a therapeutic tool for persons with neuro-
logical disorders.8 The effectiveness of MI in the treatment of
some neurological disorders (ie, stroke,9 spinal cord injury,10
and Parkinson disease11) has been shown in previous studies.
When MI is considered for use as part of a rehabilitation pro-
gram, it is important that theMI ability of patients be evaluated
in advance.8
Recently, Heremans et al12 studied MI ability in hos-
pitalized patients with MS who had severe motor and cog-
nitive dysfunction. Their results showed that these patients
differed from unaffected people in the accuracy and temporal
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organization of MI. Because a variety of cognitive and motor
dysfunctions are associated with different subtypes of MS,
variation in MI ability is expected to be found among persons
with MS of different stages and subtypes. The primary goal of
this study was to assess MI ability in a group of participants
with mild disability due to RRMS.
Different aspects of MI ability, including vividness,
accuracy, and temporal correspondence between actual and
imagined movement, are usually measured using question-
naires, mental chronometry, and computer tasks. Heremans
et al12 evaluatedMI ability in their participants, using the short
version of the Kinesthetic and Visual Imagery Questionnaire
(KVIQ-10), hand rotation (HR) task, and Box and Block test
(as a mental chronometric task). In this study, a battery of MI
tests comprising KVIQ-20 (the long version of KVIQ), visual-
guided pointing task (VGPT), and HR were used. Compared
with the Box and Block test, VGPT measures either the tim-
ing of physical and imagined movements or the relationship
between the duration of movement (physical and imagined)
and difficulty of the task (as reflected in the speed-accuracy
trade-off of Fitts’ law).
Cognitive impairment is found in approximately 65% of
persons with MS.13 The most affected domains are attention,
speed of information processing, and working memory.14,15
Impaired working memory is observed in the early stages
of MS, when other cognitive impairments are subtle and
asymptomatic.16 Importantly, working memory is among the
cognitive processes involved in MI.17 Therefore, investigating
the extent of the effect of working memory impairment on MI
abilities in persons with MS is of particular interest, and this
was another aim of this study.
Depressive symptoms are common in persons with
MS18-20 and studies have found that the prevalence of clin-
ical depression is higher among persons with MS than in the
general population. Depressive symptoms, particularly psy-
chomotor retardation, tend to be associated with adverse ef-
fects on the performance in neuropsychological tests, particu-
larly in capacity-demanding tasks such as working memory.21
It is expected that the performance of MI tasks is affected by
depressive symptoms in persons with MS. Therefore, the final
aim of the present study was to assess the effects of patient
clinical characteristics, such as depressive symptoms, disease
duration, and level of disability on their MI abilities. To avoid
bias of age, sex, and educational level, which are known to
influence the results of cognitive testing results, participants
with MS were individually matched to healthy comparison
subjects.
METHODS
Participants
The study sample included 22 participants with RRMS
who were recruited by a neurologist working in an MS clinic
(the 23rd participant who did not complete procedure was
excluded from the study) and 23 age-, gender-, and education-
matched healthy participants. All participants with MS met
the McDonald criteria for the diagnosis of MS22 and were
assessed with the Kurtzke Expanded Disability Status Scale
(EDSS).23 Persons with EDSS > 3.5 were excluded. All par-
ticipants had normal or corrected normal vision and all were
right-handed on the basis of the Edinburgh Handedness In-
ventory Questionnaire. The exclusion criteria included having
had a new neurologic episode during the month before the
study, neurological comorbidity (stroke, seizure), head trauma,
chronic psychiatric disorders, alcohol or drug abuse, and treat-
ment with deep stimulants. The Beck Depression Inventory
(BDI-II) was used to assess depression symptoms.24,25 The
study was approved by the Ethics Committee of Kerman Uni-
versity ofMedical Science, Kerman, Iran. All participants gave
written informed consent to participate in the study.
Procedure
All participants completed an assessment battery de-
signed to measure MI ability comprising the KVIQ, mental
HR test, and VGPT. The battery was used to evaluate vivid-
ness, accuracy, and temporal aspects of MI ability in MS and
lasted approximately 2 hours. All participants were instructed
to use a first-person perspective MI, wherein they were en-
couraged to use the vantage point they would have if they were
actually performing the activity. In addition, all participants
were assessed by the standard Paced Auditory Serial Addition
Task (PASAT), a cognitive test.
Testing Battery Administration
Paced Auditory Serial Addition Task. PASAT test is com-
monly used and combines elements of both a working mem-
ory task and information-processing speed26 and its results
were correlated with memory tasks in participants with MS.27
The standard PASAT test consists of 61 single digits with a
3-second inter-stimulus interval. Participants were asked to
add consecutive single digit numbers as they were heard and
to respond orally with the accurate sum. PASAT score was cal-
culated on the basis of the total number of correct responses,
ranging from 0 to 60.
Kinesthetic and Visual Imagery Questionnaire. The long
version of KVIQ (KVIQ-20) was used to assess the imagery
vividness.KVIQ-20 is anMI questionnaire adapted for persons
with disabilities who are unable to stand or perform physically
complex movements.28 After demonstration of the movements
by the experimenter, the participants were instructed to first
physically execute the movement only once and then imagine
performing the same movements. The KVIQ-20 consists of
20 items (10 movements in each of the visual and kinesthetic
subscales) representing gestures from different body parts.
Participants performed the movements while seated. KVIQ-20
uses a 5-point scale (5= clear and intense image; 1= no image,
no sensation) to rate the clarity of the image (visual subscale)
and the intensity of the sensation (kinesthetic subscale).
Mental HR task. To examine imagery accuracy, the Par-
son classical HR paradigm is often used. In this task, par-
ticipants judge the laterality of pictures, representing left or
right hand in different rotation angles.29 The participants were
comfortably seated on a chair in front of a table. The stimuli
consisted of line drawings of left and right hands in back and
palm views (Figure 1), presented in a random order. The hand
pictures were rotated in 6 different orientations (0◦, 60◦, 120◦,
180◦, 240◦, and 300◦). Each picture was repeated 15 times,
resulting in 360 trials (6 × 2 × 2 × 15). The participants were
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Figure 1. The stimuli in the hand rotation task consisted of
line drawings of left and right hands in back and palm views
with different rotation angles (0◦, 60◦, 120◦, 180◦, 240◦, and
300◦).
asked to judge whether it was a picture of a left or right hand
by pressing left or right button as quickly and accurately as
possible. Response time and accuracy rate (percentage of cor-
rect responses) were registered via a key press. A score lower
than 75% indicated an inability to accurately perform MI.30
Visual-guided pointing task. This test was used to
measure the speed-accuracy trade-off of real and imagined
movements.31 Each trial consisted of a plain sheet of paper
upon which an 80-mm vertical line and a black target box
were drawn (Figure 2). The closest edge of the target box was
30mm away from the line. Five sheets were used with different
target widths (3.0, 5.3, 10.6, 18.9, or 28mm). Each handmove-
ment was defined from the far side of the vertical line to touch
the target and then back to the far side of the vertical line. The
participants made 5 of these movements for each target-width
trial. A stopwatch was used to record the duration of the hand
movements of the subject. The participants were tested under 2
conditions including “physical execution (VGPTE) and imag-
ined movements (VGPTI).” In the imagined condition, partic-
ipants were instructed to hold the pen at the starting position
(with their eyes open) and imagine that they were moving the
pen back and forth between the far side of the vertical line and
target, as quickly and accurately as possible. The participants
were requested to use imagery from a first-person perspective.
They completed 2 sets of the 5 target widths for each condi-
tion. Timing of each trial began when the experimenter said
“go.” The timing for real movements stopped when the sub-
jects completed the fifth imagined movement and the timing
for imagined movement stopped when the subject said “stop”
after the fifth imagined movement was completed. The order
of administration was randomized between the target-widths
and real and imagined movements. According to Fitts’ law, the
index of difficulty (ID) for each target width was calculated
using the equation: ID = log 2(2A/W), where A is amplitude
of the movement and W is the width of the targets. Fitts’ law,
which states that movement (both actual and imagined) dura-
Figure 2. Visual guided pointing task (VGPT). Participants
were required to move a pencil from the starting point at the
top of the line to anywhere within the target square as quickly
and as accurately as possible.
tion is inversely related to the ID, expresses speed-accuracy
trade-off during real- and imagined-movement trials.
Analysis
The mean score of the KVIQ-20, the mean movement
time of 5 different target-widths in VGPTE and VGPTI, the
overall mean response time and the accuracy rate of 6 differ-
ent rotation angles (after combining similar angles from right
and left in back or palm views) in the HR task were calcu-
lated. Data distributions were assessed for normality using the
Shapiro-Wilk test. To evaluate potential confounding or in-
terrelations between the results of imagery tests and BDI-II
scores, a Pearson correlation was conducted. For comparison
of the 2 groups, independent t tests, or analysis of covariance
(ANCOVA; to control confounding effect of depression) with
results of the imagery tests as dependent variables and groups
(MS and comparison) as factors were run. The accuracy and
response time of the HR task were analyzed using repeated-
measures ANOVA, with groups (MS, CMP) as between sub-
ject, HR angles (0◦, 60◦, 120◦, 180◦, 240◦, and 300◦), and
hand side (left, right) as within subject. Repeated-measures
ANOVA was also carried out with groups as between sub-
jects and condition (executed and imagined) and ID as within
subjects for the VGPT task. The relationship between the par-
ticipant characteristics and imagery task results was studied
using the Pearson correlation test. Multivariate regression was
used to determine the predictive factors (between independent
variables) of the VGPT result. Data analysis was conducted
using SPSS. V.17 (Version 17.0. Chicago: SPSS Inc). For all
significant effects, the α level was 0.05.
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RESULTS
The demographic and clinical characteristics of the par-
ticipants are shown in Table 1. The mean time since diagnosis
in participants with MS was 6.16 years. While the MS and
comparison groups were well-matched for gender, age, and
education, there was a significant difference between groups
on BDI-II scores, and participants with MS had significantly
higher scores than the comparison group. On the basis of a
BDI-II cutoff score of 15, 74% of the participants with MS
had depressive symptoms. BDI-II was significantly correlated
with EDSS (r = 0.4; P < 0.05) and PASAT (r = −0.36;
P < 0.05) in the MS group; however, there were no significant
correlations between BDI-II and other patient characteristics
(disease duration, age, and education level). Moreover, signif-
icant correlations (r ≥ 0.3) between BDI-II and some imagery
measures (KVIQ, VGPTE, and VGPTI) were found; therefore,
BDI-II was used as a covariate in analyses of these variables.
The 2 groups were not significantly different on the PASAT
score.
Between-Groups Comparisons
Imagery Questionnaire
After adjusting for BDI-II, there was no significant dif-
ference in the mean scores of KVIQ between the 2 groups
(Table 2).
HR Task
Response time. Repeated-measure ANOVA analysis for
group × stimulus angle × stimulus side showed a significant
main effect of group (F1,43 = 7.29, P = 0.01), stimulus an-
gle (F1,43 = 148.44, P < 0.001), and stimulus side (F1,43 =
38.31, P < 0.001), while no interaction effect of group ×
rotation angle was found. These results indicate significantly
slower response times in the participants with MS relative to
the comparison group. Also, these findings show an increase
in response times of HR with an increase in rotation angles
(Figure 3A), and response times to the left-hand stimuli were
significantly slower than those to the right-hand stimuli in
both groups. The interacting effects of group × stimulus an-
gle, group× stimulus side, and stimulus angle× stimulus side
Table 1. Participant Characteristics
Measure MS CMP P Value
Age, years 32.31 ± 5.38 31.82 ± 4.91 ns
Gender
(females/males),
proportion
17/5 17/6 ns
Education, mean
(range), years
12 (5-18) 12 (5-16) ns
Duration of disease
(years)
6.16 (1-23)
EDSS 1.8 (1-3.5)
BDI-II 22.65 ± 10.33 11.73 ± 6.92 <0.001
PASAT 34.90 ± 14.12 40.78 ± 11 ns
Abbreviations: BDI, Beck Depression Inventory score; CMP, comparison group;
EDSS, Kurtzke Expanded Disability Status Scale; MS, multiple sclerosis group; ns,
nonsignificant; PASAT, paced auditory serial addition test.
All data are presented in mean and SD unless otherwise indicated.
Table 2. Test Scores (Group Mean and Standard
Deviation) and Comparison Results
Imagery Tasks MS CMP P Value
KVIQ 3.67 ± 0.73 4.11 ± 0.47 0.27a
VGPTE 6.2 ± 1.57 4.84 ± 1.11 0.01a
VGPTI 5.73 ± 1.58 4.16 ± 0.90 0.003a
HRT 1629.9 ± 255.9 1444.3 ± 203.1 0.01b
HRA 83.82 ± 9.15 89.46 ± 6.89 0.02b
Abbreviations: CMP, comparison group; HRA, hand rotation accuracy rate (percent
of accuracy); HRT, hand rotation reaction time; KVIQ, Kinesthetic and Visual Imagery
Questionnaire (was assessed on a 5-point VAS, with a score of 1 indicating minimum
vividness and a score of 5 maximum); MS, multiple sclerosis group; VGPTE, visual
pointing guided test (physical executive form); VGPTI, visual pointing guided test (im-
agery form).
aANCOVA after adjusting for Beck Depression Inventory II.
bIndependent t test.
Figure 3. (A) Reaction time and (B) error rate in mental
hand rotation task for the multiple sclerosis (MS) group and
control (CMP) group.
were not significant, showing similar behavior of the 2 groups
across different orientations and stimulus sides.
Accuracy. ANOVA analysis for group × stimulus an-
gle × stimulus side showed main effect of group (F1,43 = 5.8,
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P= 0.02) and angle (F1,43 = 74.13, P< 0.001), while the main
effect of stimulus side was not significant. These findings indi-
cate that accuracy rates were significantly lower in participants
with MS compared with the comparison group, and that ac-
curacy rates decreased with increasing rotation angles in both
groups (Figure 3B). The interaction effect of group × stimu-
lus angle was significant, indicating different behaviors of the
2 groups across different angles. Post hoc analysis demon-
strated that the 2 groups were significantly different at 240◦
and 300◦ rotation angle.
Visual-Guided Pointing Task
The results of repeated-measure ANOVA showed a sig-
nificant main effect of group (F1,43 = 20.57, P < 0.001),
indicating that the participants with MS (M = 6.01) took sig-
nificantly longer to perform both the executed and imagined
movements than the comparison group (M = 4.24). In ad-
dition, the main effect of condition (executed or imagined)
was significant (F1,43 = 14.07, P = 0.001), while the inter-
action effect between groups and movement condition was
not significant, showing that both groups performed imagery
movements faster (M = 4.91) than physical movements (M
= 5.36). There was also a significant main effect of ID (F1,43
= 12.39, P < 0.001). This indicates that the participants per-
formed the easiest target (ID = 1.09), the fastest (M = 4.90)
and the most difficult condition (ID = 4.32), the slowest (M
= 5.28). The interaction of ID with group was not significant,
indicating similar lengthening of performance time with an in-
crease in ID in both groups (Figure 4). Finally, the correlation
between VGPTE and VGPTI was high in MS group (r = 0.82,
P < 0.001).
Correlations Among the Participant
Characteristics and Imagery Tasks
Correlations among the characteristics of participant
with MS (ie, disease duration, BDI-II, EDSS, and PASAT)
and imagery test (KVIQ, VGPTE, VGPTI, HR response time,
and accuracy) were investigated (Table 3).
Imagery Questionnaire
None of the correlations between the KVIQ scores and
the characteristics of participants with MS were significant.
Visual Pointing Guided Test (Physical
Executive Form)
Simple bivariate analysis showed that VGPTE scores
were significantly related to EDSS, BDI-II score, and PASAT,
while no significant correlations were found with other vari-
ables. To find the variables contributing to the prediction of
VGPTE, a multiple regression analysis was performed. The
results showed adequate goodness of fit for the applied model
(adjusted r2 = 0.31, df = 3, F = 4.21, P = 0.02). Expanded
Disability Status Scale was a significant predictor (β = 1,
t = 3.01, P < 0.001) but BDI-II (β = 0.006, t = 0.20, P =
0.84) and PASAT (β = −0.02, t = −1.26, P = 0.22) were not
significant predictors of VGPTE.
Visual Pointing Guided Test (Imagery Form)
Correlation analysis showed that VGPTI scoreswere sig-
nificantly correlated with BDI-II, EDSS, and PASAT scores,
but no significant correlations were found with other char-
acteristics of participants with MS. The multiple regression
analyses showed that EDSS was a significant predictor for
VGPTI (β = 1.18, t= 3.03, P= 0.007), while BDI-II, PASAT,
and EDSS were not significant.
Hand Rotation
The correlation analysis between HR response time and
patient characteristics was not significant, but accuracy rate of
HR in the participants with MS had a significant correlation
with PASAT.
DISCUSSION
The potential role of MI in rehabilitation of some neuro-
logical diseases such as stroke, Parkinson disease, and spinal
cord injury has been shown.8-11 However, there is scarce evi-
dence for the effectiveness of using MI in the different stages
of MS disease. The present study aimed to assess different as-
pects ofMI (vividness, accuracy, and temporal aspects) using a
Figure 4. Mean time of movement in visual guided pointing task (VGPT) for participants with multiple sclerosis (MS) and
comparison subjects (CMP) in execution and imagined movement.
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Table 3. Correlation Between Patients’ Characteristics and Imagery Tasksa
KVIQ VGPTE VGPTI HRT HRA
Disease duration ns ns ns ns ns
BDI-II 0.4 (<0.05) 0.55 (<0.001) 0.38 (0.009) ns ns
EDSS ns 0.59 (<0.05) 0.59 (<0.05) ns ns
PASAT ns − 0.49 (<0.001) − 0.38 (0.009) ns 0.57 (<0.05)
Abbreviations: BDI, Beck depression inventory score; EDSS, Kurtzke Expanded Disability Status Scale; HRA, hand rotation accuracy rate (percent of accuracy); HRT, hand
rotation reaction time; KVIQ, Kinesthetic and Visual Imagery Questionnaire; VGPTE, visual pointing guided test (physical executive form); VGPTI, visual pointing guided test
(imagery form); PASAT, Paced auditory serial addition test; ns, nonsignificant.
aValues are Pearson’s r (P value).
battery of MI tasks in participants with mild disability (EDSS
≤ 3.5) due to RRMS compared with a healthy comparison
group.
For the imagery questionnaire (KVIQ-20), consistent
with a recent study on persons with severe motor dysfunction
(EDSS ≥ 4),12 our results showed no significant difference
in imagery vividness between MS and control groups, indi-
cating that imagery vividness is preserved in persons with
MS. Moreover, there were no significant correlations between
vividness scores and patient disabilities (EDSS) and cognitive
abilities (PASAT). In support of this, previous studies have
also reported that persons with brain lesions affecting the mo-
tor system are likely to be able to imagine movements but that
their performances, either physical or imagined, are similarly
affected.8,32 Our finding about preservation of MI vividness
in participants with MS reveals their capability of performing
MI as a complement to physical rehabilitation.
The results of this study indicated that while the partici-
pants with MS were similar to the health comparison group in
imagery vividness, the 2 groups were significantly different in
duration and accuracy of imagery when assessed by the VGPT
and HR tasks. The participants with MS were significantly
slower in imagery tasks than the comparison group. This find-
ing is consistent with the results of the study by Heremans
et al,12 which reported slow MI performance using the Box
and Block test in participants with MS, reflecting a temporal
problem of imagery. The prolonged response during the men-
tal chronometric task in the patient group could be a result of
both cognitive and motor slowing.33 In the present study, the
participants were without relevant impaired speech, but the
verbal feedback slowing in VGPT result should be considered
as a confounding effect in participants with MS. In addition,
our results showed that the response slowing of the MS group
in both forms of VGPT (physical and imagined) was signifi-
cantly correlated with EDSS of the participants with MS. Our
results indicated that among the 3 variables (EDSS, BDI-II,
and PASAT), only EDSS was a significant predictor of both
forms of VGPT (physical and imagined), showing the effect
of physical disability on performance slowing in participants
with MS. Previous studies have reported slower reaction times
in participants with MS even in the early stage of the disease
compared with the comparison group,33,34 which correlated
with their disabilities.15,33-35
In theHR task, accuracy rates of the participantswithMS
were significantly lower than those of the comparison group,
consistent with the study of Heremans et al,12 indicating that
the participants with MS imagine less accurately than control
subjects. Moreover, the positive correlation between HR ac-
curacy and PASAT score in participants with MS indicates an
association between a decrease in cognitive abilities (working
memory, attention, or processing speed) and less accurately
performing MI. This is in accordance with a previous study
showing an effect of working memory on MI.36
Regarding the VGPT task, the 2 groups showed a more
rapid performance in imaginedmovements than executed ones,
and both conditions of movements complied with Fitts’ law. In
addition, the relationship between imagined movement dura-
tion and ID (increasing movement time with decreasing target
size) was in accordance with the central movements limits re-
flected in Fitts’ law,31 indicating the relative preservation of
MI in the participants with MS despite disruption of both ac-
curacy and temporal aspects. Our finding of shorter duration
of movement time in the imagined condition compared with
the executed condition was in agreement with some studies.37
However, other studies have found a slower performance in
imagined conditions compared with real conditions.31,38 It is
possible that both groups imagined performing VGPT in a
less constrained way than when physically performing. There
is no way of confirming whether participants were imagining
correctly and accurately, although both groups demonstrated
imagined movement in accordance with Fitts’ law.
In agreement with other studies, our results indicated
a high prevalence of depressive symptoms (74%) in the
MS group. It should be mentioned that the prevalence of
depressive symptoms in MS has been reported differently
(approximately 70%),18,19 because of differences in screen-
ing measures, gender ratio, and age.20 Moreover, consistent
with previous findings,39 the present study showed that de-
pressive symptoms were related to EDSS score in participants
with MS. It is suggested that the risk for depression begins
with the onset of MS before commencing sequel of MS in-
cluding fatigue, physical disability, cognitive dysfunction, and
pain.40
In addition, a significant relationship between depres-
sive symptoms (BDI-II) and the results of some imagery
tasks (KVIQ and VGPT) was observed in participants with
MS. It has been shown initiation of voluntary responses and
psychomotor retardation.41 Depression seems to reduce the
activation of the behavioral system that regulates motor be-
havior associated with initiation of locomotion and movement
toward desired objects.42 Importantly, slowed performance on
mental rotation tasks has been found in persons diagnosedwith
depression,43 indicating an impairment of MI and planning in
depression. Our results suggest the importance of considering
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the role of depression in interpreting motor and imagery tasks
in MS.
In this study, PASAT was used to evaluate the work-
ing memory in participants. PASAT, as a highly sensitive and
commonly used cognitive test in participants with MS,26 eval-
uates working memory, attention, and information-processing
speed. Despite some limitations (effect of practice, intelli-
gence, and mathematical ability), PASAT (particularly the 3s
version) can be considered as an appropriate tool to differen-
tiate working memory capacity in participants with MS from
that of the comparison group.27 Our results showed similar per-
formances of participants with MS and the comparison group
on PASAT. While most studies have shown impaired perfor-
mance on PASAT, even in the early stages of MS,34,44 some
studies have also reported comparable results with the compar-
ison subjects.27,45 These discrepancies in the literature may be
related to the effect of confounding factors, stages of disease,
intelligence, and mathematical ability.46 It must be taken into
account that in the present study, depression was assumed to
be a confounding factor and the participants withMS had mild
disability (EDSS < 3.5) and some were in the early stages of
disease. In addition, the correlation between PASAT scores and
the patient demographic characteristics (disease duration and
EDSS) were not significant. This finding is in agreement with
previous studies that have shown that cognitive dysfunction in
MS is weakly correlated with other neurological disabilities
(EDSS) or disease duration.47
Finally, our results showed slowing response rates in the
participants with MS on VGPTE negatively correlated with
their PASAT scores. This finding, consistent with other stud-
ies, indicates an association between response slowing and a
decrease in the speed of information processing in participants
with MS.33 The relationship between response slowing with
both motor slowing and a decline in sustained attention (not
perceptual or decisional process) has been reported.33 As de-
scribed before, the impairment of processing speed is common
in participantswithMS, leading to general slowing (motor exe-
cution andmental processing) even in the early stage of RRMS
with minimal physical disability.
The results of KVIQ showed preserved vividness of MI
in participants with MS, although we should be careful in in-
terpreting this result. In fact, the KVIQ is an autoevaluation
measurement tool, which may lead to overestimation of the
patient’s abilities. Therefore, other objective methods such as
HR and mental chronometry tasks should be applied in studies
of MI. Motor imagery has a concealed nature and screening
for MI ability is important before considering it in the reha-
bilitation of participants with MS.48 Regarding the relation-
ship between sensory-motor structures and mental HR,29 this
test could be introduced as an objective tool to evaluate MI
ability (the accuracy and duration) in persons with MS. More-
over, given the effects of depressive symptoms and cognitive
dysfunction on MI ability of participants with MS, evalua-
tion of these factors gives a better insight to their abilities.
It should be noted that observed impairment in temporal and
accuracy aspects of MI can improve by using external cues,
as studies have shown that visual and auditory cues can in-
crease the spatial accuracy andMI duration in participants with
MS.49
There are 2 limitations to our study. First, this study was
limited to examining upper-limb function, while examination
of the lower limbs may have given different results. Second,
there were small numbers of evaluating tools for motor and
cognitive functions. Future MI studies of persons with MS
should use a wide set of motor and cognitive neuropsycholog-
ical tests.
Our finding of preserved MI ability in participants with
MS has several clinical implications. First, MI practice may be
considered as a supportive therapy in these participants to in-
crease the level of their activity and independence. In fact, MI
as a home-based exercise can be used by patients without the
need for the presence of a therapist and a special equipment.
Second, because the presence of attention deficits has been
well established in MS, MI practice may reduce attention load
during actual performance.50 Third,MI practice could increase
self-efficacy, motivation, and independency51 and improve the
quality of life in persons with MS and other neurological dis-
orders.
In summary, this study indicated the preservation of MI
ability in participants with RRMS, with impairment of the
temporal and accuracy aspects of MI, which were correlated
with participants’ EDSS and PASAT scores, respectively.
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